Early life stress can elicit long-lasting changes in gene expression and behavior. Recent studies on rodents suggest that these lasting effects depend on the genetic background. Whether epigenetic factors also play a role remains to be investigated. Here we exposed the stress-susceptible mouse strain Balb/c and the more resilient strain C57Bl/6 to a powerful early life stress paradigm, infant maternal separation. In Balb/c mice, infant maternal separation led to decreased expression of mRNA encoding the histone deacetylases (HDACs) 1, 3, 7, 8, and 10 in the forebrain neocortex in adulthood, an effect accompanied by increased expression of acetylated histone H4 proteins, especially acetylated H4K12 protein. These changes in HDAC expression and histone modifications were not detected in C57Bl/6 mice exposed to early life stress. Moreover, a reversal of the H4K12 hyperacetylation detected in infant maternally separated Balb/c mice (achieved with chronic adolescent treatment with a low dose of theophylline that only activates HDACs) worsened the abnormal emotional phenotype resulting from this early life stress exposure. In contrast, fluoxetine, a drug with potent antidepressant efficacy in infant maternally separated Balb/c mice, potentiated all histone modifications triggered by early life stress. Moreover, in non-stressed Balb/c mice, co-administration of an HDAC inhibitor and fluoxetine, but not fluoxetine alone, elicited antidepressant effects and also triggered changes in histone H4 expression that were similar to those provoked by fluoxetine treatment of mice exposed to early life stress. These results suggest that Balb/c mice develop epigenetic modifications after early life stress exposure that, in terms of the emotive phenotype, are of adaptive nature, and that enhance the efficacy of antidepressant drugs.
Introduction
Early life stress is a prominent risk factor for several psychiatric illnesses, including mood and anxiety disorders (Holmes et al., 2005) . More than 30% of mental disorders are directly related to early life stress (Afifi et al., 2008; Green et al., 2010) . Early life stress (childhood abuse and neglect, loss of parents, or extreme poverty) occurs worldwide and cannot be eliminated. Hence, developing therapies that prevent the longterm consequences of early life stress is of utmost importance, and necessitates a better understanding of the mechanisms by which early life stress triggers long-lasting alterations in gene expression and behavior.
While early life stress effects on adult psychopathology may depend upon genetic risk, it is thought that the nature of gene and environment interaction is a critical determinant of outcome. In animal studies on the effect of early life stress, inbred strains of mice proved particularly useful because of their natural genetic variability and their stable behavioral differences at baseline and after stress exposure. This is best documented for the isogenic strains C57Bl/6 and Balb/c that differ not only in their sensitivity to early life and adult stress (Holmes et al., 2005; Millstein and Holmes, 2007) but also in their susceptibility to develop frontal cortical gene expression changes (Bhansali et al., 2007; Navailles et al., 2010; Schmauss et al., 2010) and deficits in cognitive functions governed by the frontal cortex (Mehta and Schmauss, 2011) after early life stress exposure. Originally, such differences were widely assumed to relate to genetic differences between both strains. However, it has now been shown that the behavioral traits of both strains (Francis et al., 2003) as well as the neuroendocrine abnormalities that result from early life stress exposure (Murgatroyd et al., 2009 ) are also influenced by epigenetic mechanisms. This has led to the hypothesis that the influence of early environmental factors on the chromatin structure of certain genes is critical in the development of stable changes in gene expression and behavior (Dulac, 2010) .
Here we asked whether either the mouse strain responsive to early life stress (Balb/c) or the resilient strain (C57Bl/6) exhibits changes in chromatin modifications during adolescent development Neurobiology of Disease 45 (2012) [488] [489] [490] [491] [492] [493] [494] [495] [496] [497] [498] Abbreviations: HDAC, histone deacetylase; IMS, infant maternal separation; SFR, standard facility reared; EPM, Elevated Plus Maze; FST, Forced Swim Test.
